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Background of the Invention 
Field of the Invention 

The present invention relates to a device driver 
apparatus, which is connected to an initiator via a bus, 
transmitting/receiving a signal between the initiator 
and a process simulating an I/O device. 

Description of the Related Art 

Conventionally, there is a system comprising an 
I/O device connected to a SCSI or FC interface. Among 
others, for example, there is a system conducting 
various types of tests on an initiator. Its test method 
falls into 3 types. 

Fig. 1 shows the conventional three test methods. 

The conventional three test methods include (1) 
a method conducting various types of tests by connecting 
to an initiator of an actual I/O device such as a hard 
disk drive, etc. (see Fig. lA) ; (2) a method conducting 
various types of tests by connecting an analyzer having 
a test capability between an initiator and an actual 
I/O device (see Fig. IB) ; and (3) a method conducting 
various types of tests by connecting to an initiator 
of a pseudo I/O system recited in Japanese Patent 



Publication No. 6-52072 or 5-73446 (see Fig. IC) . 

If various types of tests are conducted on an 
initiator by connecting an actual I/O device to the 
initiator shown in Fig. lA with the above described 
method (1), all of devices to be connected such as a 
hard disk drive, a tape drive, etc., for which the tests 
are to be conducted, must be prepared. Additionally, 
if attempts are made to conduct a test on devices whose 
type is the same, for example, hard disk drivers whose 
type is the same, but whose sector sizes are different, 
corresponding hard disk drives having different sector 
sizes must be prepared. Furthermore, it is extremely 
difficult to conduct a test on an initiator by making 
an abnormal operation such as no response, timeout, etc. 
of an actual I/O occur, even if attempts are made to 
conduct such a test. This is because the actual I/O 
does not perform an abnormal operation, when it has no 
problem. 

When various types of tests are conducted on an 
initiator by connecting an analyzer between the 
initiator shown in Fig. IB and an actual I/O device with 
the above described method (2), it is troublesome that 
corresponding actual I/O devices must be prepared if 
the type of an actual I/O device is changed, or if the 
sector size of an actual I/O device is changed although 



the type of the device is the same. 

Although various types of tests are conducted by 
connecting to an initiator of a pseudo I/O system, which 
is shown in Fig. IC and recited in each of Japanese Patent 
Publications, with the above described method (3), 
Japanese Patent Publications target only a test on an 
interface such as a SCSI interface, etc. Besides, data 
that are handled by the pseudo I/O system and a connected 
test system are those generated for a test, which are 
different from data for actual use. Therefore, a test 
for actual use cannot be conducted, and at the same time, 
there are no adapters or drivers for allowing such 
various types of tests to be conducted by application 
software having high versatility. 

Summary of the Invention 

An object of the present invention is to provide 
a device driver apparatus that can be configured at low 
cost, and implements various types of tests while making 
a process perform the same operations as those of an 
actual I/O device by arranging an adapter that is 
connected to an initiator via a bus, and a driver that 
passes a command, data, etc. between the adapter and 
the process. 

In the configuration of a system according to the 



present invention, which is intended to attain the above 
described object (see Fig. 2), a target 1 is a device 
that is connected to a bus and simulates each type of 
an actual I/O device, and configured by an adapter 2, 
a driver 3, a PIO (Pseudo 10) process 6, etc. The adapter 
2, which is connected to the initiator 11 via a bus, 
transmits/receives a signal and data with a 
predetermined protocol. The driver 3 passes a command 
and data between the adapter 2 and the PIO process 6, 
and is composed of a low-order driver 31, a medium-order 
driver 32, and a high-order driver 33. 

The PIO process 6 is a process implemented by 
application software that simulates an I/O device. The 
initiator 11 is a device to be tested, which is connected 
by the bus. Here, a test of determining whether or not 
the initiator 11 performs a process corresponding to 
an error occurrence for an I/O device (the target 1 in 
this case) is conducted. 

Next, the operations of this system are described. 
Here, the adapter 2 of the target 1 is connected 
to the bus, and exchanges a signal and data with the 
initiator 11 with a predetermined protocol. The driver 
3 notifies the PIO process 6 of one or more of a command 
and data from the adapter 2, and also notifies the 
adapter 2 of one or more of a status and data from the 
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PIO process 6 . At this time, a SCSI protocol or a protocol 
into which the SCSI protocol is encapsulated is used 
as the predetermined protocol, with which a signal and 
data are exchanged. 
5 Additionally, the adapter 2 notifies the driver 

3 that a command has been received from the initiator 
11. The driver 3 notifies the PIO process 6 of the 
notified command. The PIO process 6 returns a status 
being a reply to the driver 3. The driver 3 notifies 

10 the adapter 2 of the status. The adapter 2 then returns 

the status to the initiator 11. 

Furthermore, the adapter 2 notifies the driver 3 
that a command has been received from the initiator 11. 
The driver 3 notifies the PIO process 6 of the notified 

15 command. The PIO process 6 returns a buffer address to 

the driver 3 after preparing data and storing the data 
in a buffer. The driver 3 sets the buffer address in 
a register of the adapter 2. The adapter 2 then extracts 
the data from the buffer address set in the register, 

20 and transmits the extracted data to the initiator 11. 

Still further, the adapter 2 notifies the driver 
3 that a command has been received from the initiator 
11. The driver 3 notifies the PIO process 6 of the 
notified command. The PIO process 6 prepares a buffer, 

25 and returns a buffer address to the driver 3. The driver 



3 sets the buffer address in a register of the adapter 
2. The adapter 2 stores data that is requested of the 
initiator 11 at the buffer address set in the register, 
and notifies the driver 3 of the data. The driver 3 
notifies the PIO process 6 that the data has been 
received. The PIO process 6 extracts the data from the 
address of the buffer, and returns a status being a reply 
to the driver 3. The driver 3 sets the status in a 
register of the adapter 2. The adapter 2 then returns 
the status to the initiator 11. 

The driver 3 is configured by a low-order driver 
31 for the adapter 2, a high-order driver 33 for the 
PIO process 6, and a medium-order driver 32 that passes 
a signal between the low-order driver 31 and the 
high-order driver 33. The PIO process 6 notifies the 
adapter 2 or the driver 3 of an error. The adapter 2 
or the driver 3 makes the notified error occur. 

Additionally, the PIO process 6 simulates an 
actual I/O device by transmitting or receiving the 
status or data of a specified I/O device. Furthermore, 
the PIO process 6 simulates an error test on an actual 
I/O device by making a specified error occur when the 
status or data of the specified I/O device is transmitted 
or received. 

As described above, the adapter 2 connected to the 
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bus, and the driver 3 for passing a command, data, etc. 
between the adapter 2 and the PIO process 6 are arranged, 
thereby providing a system that can be configured at 
low cost, and implement various types of tests while 
making a process perform the same operations as those 
of an actual I/O device in use. 

Brief Description of the Drawings 

Fig. lA, IB, and IC respectively explain 
conventional techniques; 

Fig. 2 shows the configuration of a system 
according to the present invention; 

Fig. 3 explains a preferred embodiment (No. 1) 
according to the present invention; 

Fig. 4 exemplifies a control system command in the 
operations shown in Fig. 3 according to the preferred 
embodiment (No.l); 

Fig. 5 explains a preferred embodiment (No. 2) 
according to the present invention; 

Fig. 6 exemplifies a read system command in the 
operations shown in Fig. 5 according to the preferred 
embodiment (No. 2); 

Fig. 7 explains a former stage of a preferred 
embodiment (No. 3) according to the present invention; 

Fig. 8 explains a latter stage of the preferred 



embodiment (No. 3) according to the present invention; 

Fig. 9 exemplifies a write system command in the 
operations shown in Fig. 7 and 8 according to the 
preferred embodiment (No.3); 

Fig. lOA and lOB explain encapsulation according 
to the present invention; 

Fig. 11 is a flowchart explaining the operations 
for testing an initiator, according to the present 
invention; 

Fig. 12 is a flowchart exemplifying the 
operations for making an error occur by changing SCSI 
protocol data, according to the present invention; 

Fig. 13A to 13D exemplify setting files relating 
to the operations shown in Fig. 12, according to the 
present invention; 

Fig. 14 is a flowchart explaining the operations 
for making an error occur by invoking a hardware error 
generation capability comprised by an adapter, 
according to the present invention; and 

Fig. 15A through 15E exemplify setting files 
relating to the operations shown in Fig. 14, according 
to the present invention. 

Description of the Preferred Embodiments 

Next, preferred embodiments according to the 



present invention and their operations are described 
in detail with reference to Fig. 2 through 15. 

In the above described Fig. 2, the target 1 is a 
device that is connected to a bus using a SCSI protocol, 
etc., and simulates each type of an actual I/O device. 
Here, the target 1 is configured by the adapter 2, the 
driver 3, a kernel space 4, a user space 5, etc. 

The adapter 2 is connected to the bus using the 
SCSI protocol, etc., and transmits/receives a signal 
and data . 

The driver 3 transmits/receives a command and data 
between the adapter 2 and the PIO process 5 (more 
precisely, under the control of a kernel), and is 
configured by the low-order driver 31, the medium-order 
driver 32, and the high-order driver 33. 

The low-order driver 31 is a driver for the adapter 
2, and transmits/receives a signal and data to/f rom the 
adapter 2 . 

The medium-order driver 32 exchanges a signal and 
data between the low-order driver 31 and the high-order 
driver 33, and operates as a unit shared by various types 
of drivers for SCSI. 

The high-order driver 33 is a driver for the PIO 
process 6, and operates as a process controlling unit. 

The kernel space 4 is a space where a kernel 
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(operating system), etc. is made to run. Here, this is 
a space where the kernel which controls signal or data 
exchange between the driver 3 and the PIO process 6 
running in the user space 5. 

The user space 5 is a space where an application 
program such as the PIO process 6, etc. is made to run 
under the control of the kernel (operating system) 
running in the kernel space 4. 

The PIO process 6 is a process (pseudo 1/ O process) 
implemented by an application program that simulates 
each type of an actual I/O device, and makes a normal 
operation or an error occur by receiving, via the driver, 
a preset command or data, which are set in various types 
of files 7 and intended to make the process perform the 
same operations as those of each type of an actual I/O 
device (such as a hard disk drive, a tape drive, etc. ) in 
use. Note that error generation will be described later 
with reference to Fig. 12 to 15. 

The initiator (host) 11 is a computer system which each 
type of an I/O device is connected to, and performs a 
transaction process by making a data access . Here, the 
initiator (host) 11 is a device, to which the target 
(pseudo I/O device) 1 is connected via the bus, and for 
which whether or not a fault avoiding process is properly 
performed at the time of an error occurrence is to be 
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verified or tested. The initiator 11 includes a test 
program 12, etc. 

The test program 12 instructs an error occurrence, 
and verifies (tests) whether or not the initiator 11 
5 performs a process suitable for an error (such as a retry 

process at the time of a read error occurrence) in the 
state where the target 1 connected via the bus is made 
to perform operations similar to those in normal use. 
Next, the operations of the adapter 2, the 

10 low-order driver 31, the medium-order driver 32, the 

high-order driver 33, and the application program (the 
PIO process 6) , which are performed when the initiator 
11 issues a Test Unit Ready (SCSI ID=0) command 
corresponding to an I/O device having SCSI ID=0, are 

15 described in detail with reference to Fig. 3 and 4. 

Fig. 3 explains a preferred embodiment (No.l) 
according to the present invention. Here, the initiator 
11 at the top on the left side is the initiator 11 shown 
in Fig. 2, and is configured by an application program 

20 (a test program 12) , a high-order driver, a medium-order 

driver, a low-order driver, and an adapter. The target 
1 at the top on the right side is the target 1 shown 
in Fig. 2, and is configured by the adapter 3, the 
low-order driver 31, the medium-order driver 32, the 

25 high-order driver 33, and the application program (PIO 



process 6) . An initiator and a target shown in the 
subsequent drawings are similar to the above described 
initiator and target. Note that SI, S2, ... , in Fig. 
3 represent a process order. 

In Fig. 3, the test program 12 of the initiator 
11 issues the Test Unit Ready command (SCSI ID=0) in 
SI . 

In 82, the high-order driver of the initiator 11 
notifies the medium-order driver of the command and SCSI 
ID=0 . 

In S3, if pluralities of commands exist, the 
medium-order driver of the initiator 11 places them in 
a queue, sets a timeout monitoring time to each of them 
and notifies the high-order driver of the commands and 
SCSI ID=0. 

In S4, the high-order driver of the initiator 11 
sets the data (the command and SCSI ID=0) in the adapter. 

In S5, the adapter of the initiator 11 executes 
respective phases (a selection phase (1); a message-out 
phase (2); and a command phase (3)) . As a result, the 
phases such as the selection phase (1) , the message-out 
phase (2), and the command phase (3), which are shown 
in Fig. 4 and will be described later, are sequentially 
executed, so that the command is transmitted to the 
adapter 2 of the target 1 via the SCSI bus shown in Fig. 



In S6, the adapter 2 of the target 1 receives the 
command (Test Unit Ready (SCSI ID=0) as a result of the 
above described phases ((1), (2), and (3)) executed in 
S5, and notifies the low-order driver 31 of the received 
command . 

In S7, the low-order driver 31 notifies the 
medium-order drive 32 of the received command, and the 
medium-order driver 32 notifies the high-order driver 
33 of the received command. 

In 88, the high-order driver 33 notifies the 
program corresponding to the notified SCSI ID=0 (the 
PIO process 6 having SCSI ID=0 shown in Fig, 2) of a 
signal . 

In S9, the application program that is notified 
of the signal in 8 8 determines the command, and returns 
a status signal. Since the Test Unit Ready command is 
notified here, a reply signal is returned as the status 
signal . 

In SIO, the high-order driver 33 receives the 

status signal. 

In Sll, the medium-order driver 32 notifies the 
low-order driver 31 of the status signal notified from 
the high-order driver 33. If a plurality of status 
signals exist at this time, they are placed in a queue, 



and sequentially passed to the low-order driver 31. 

In S12, the low-order driver 31 sets the status 
signal in the adapter 2. 

In S13, the adapter 2 executes respective phases 
(a status phase (6) and a message-in phase (7) ) . As a 
result, the phases such as the status phase (6) and the 
message-in phase (7) , which are shown in Fig. 4 and will 
be described later, are sequentially executed, so that 
the status signal is transmitted to the adapter 2 of 
the initiator 11 via the SCSI bus shown in Fig. 2. 

In S14, the adapter of the initiator 11 receives 
the status signal as a result of the phases ((6) and 
(7)) executed in S13. 

In S15, a notification of the status signal from 
the adapter is sequentially relayed by the low-order 
driver, the medium-order driver, and the high-order 
driver, and finally notified to the application program 
(test program 12) . 

In S16, the application program receives the 
status. Here, the process is completed. 

As described above, if the application program 
(such as the test program 12) of the initiator 11 issues 
the Test Unit Ready command (SCSI ID=0) , this command 
is notified to the application program (such as the PIO 
process 6) , which corresponds to an I/O device specified 
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with SCSI ID=0, via the bus, the adapter 2 of the target 
1, the low-order driver 31, the medium-order driver 32, 
and the high-order driver 33. Then, a status signal, 
which is a reply, is returned from this application 
program, and received by the application program of the 
initiator 11 on a route reverse to the above described 
one. In this way, a series of tests can be conducted. 

Namely, the adapter 2, the low-order driver 31, 
the medium-order driver 32, and the high-order driver 
33 are arranged in the target 1 to make the target 1 
identical to an actual I/O device, a command is notified 
from the initiator 11 to the application program (such 
as the PIO process 6), which simulates an I/O device 
specified, for example, with SCSI ID=0, and the same 
reply (status signal) as that of the actual I/O device 
in use, or an error depending on need is returned from 
the application program simulating the I/O device, so 
that the process for a normal operation or an error of 
the initiator 11 is monitored. As a result, a test on 
the initiator 11 can be easily conducted. 

Fig. 4 exemplifies a control system command in the 
operations shown in Fig. 3. The control system command 
shown in Fig. 4 is transmitted as a result of the above 
described phases (1), (2), and (3) sequentially executed 
in S5 of Fig. 3. Then, a status signal is transmitted 
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as a result of the phases (6) and (7) executed in S13. 
Here, the initiator 11 on the left side is the initiator 
11 on the left side of Fig. 3, and the initiator 11 shown 
in Fig. 2 at the same time. The target 1 on the right 
5 side is the target 1 on the right side of Fig. 3, and 

the target 1 shown in Fig. 2 at the same time. The 
initiator 11 and the target 1 in the subsequent drawings 
are similar. 

In Fig. 4, the selection phase (1) is a phase in 

10 which an I/O device {the target 1) that is connected 

to the bus and has a matching ID (for example, SCSI ID=0 
here) returns a reply indicating the status BUSY=1, when 
the initiator 11 transmits a selection (for example, 
SCSI ID=0) to the bus, so that the I/O device (target 

15 1) is selected. 

The message-out phase (2} is a phase in which a 
message (Identify (0x08) is transmitted to the bus, and 
the partner side (the target 1) receives the message. 

The command phase (3) is a phase in which the 

20 command (Test Unit Ready (0x00)) is transmitted to the 

bus, and the partner side (the target 1) receives the 
command. 

The status phase (6) is a phase in which a status 
(Good 0x00) is transmitted to the bus, and the partner 
25 side (initiator 11) receives the status. 
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The message-in phase (7) is a phase in which an 
end message (Command Complete (0x00)) is transmitted, 
the partner side (the initiator 11) receives the end 
message, and the actions caused by the command are 
completed. 

Next, the operations of the adapter 2, the 
low-order driver 31, the medium-order driver 32, the 
high-order driver 33, and the application program (the 
PIO process 6) , which are performed when the initiator 
11 issues a Read command (SCSI ID=0) , are described in 
detail with reference to Fig. 5 and 6. Note that S21, 
822, also indicate a process order in Fig. 5. 

Fig. 5 explains a preferred embodiment (No. 2) 
according to the present invention. 

In this figure, in S21, the test program of the 
initiator 11 issues the Read command (SCSI ID=0) . 

In S22, the high-order driver of the initiator 11 
notifies the medium-order driver of the command, a 
buffer address, and SCSI ID=0 . 

In S23, the medium-order driver of the initiator 
11, if a plurality of commands are notified, places a 
plurality of commands in a queue, sets a timeout 
monitoring time to them, and notifies the low-order 
driver of the command, the buff er address, and SCSI ID=0. 

In S24, the low-order driver of the initiator 11 
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sets the data (the command, the buffer address, and SCSI 
ID=0) in the adapter. 

In S25, the adapter of the initiator 11 executes 
respective phases (a selection phase (1), a message-out 
phase (2} , and a command phase (3) ) . As a result, phases 
such as a selection phase (1) , a message out phase (2) , 
and a command phase (3) , which are shown in Fig. 6 and 
will be described later, are sequentially executed, so 
that the command is transmitted to the adapter 2 of the 
target 1 via the SCSI bus shown in Fig. 2, 

In 82 6, the adapter 2 of the target 1 receives the 
command (Read command (SCSI ID=0) as a result of the 
phases ((1), (2), and (3)) executed in S25, and notifies 
the low-order driver 31 of the received command. 

In S27, the low-order driver 31 notifies the 
medium-order driver 32 of the command, and the 
medium-order driver 32 notifies the high-order driver 
33 of the command. 

In S28, the high-order driver 33 notifies the 
program (the PIO process having SCSI ID=0 shown in Fig. 
2) corresponding to the notified SCSI ID=0 of the 
command . 

In S29, the application program (the PIO process 
shown in Fig. 2) that is notified of the command 
determines the command (the Read command in this case) , 



prepares a buffer, and stores the data read from the 
specified address in the prepared buffer. 

In S30, the high-order driver 33 receives the 
buffer address. 

In S31, the medium-order driver 32 notifies the 
low-order driver 31 of the buffer address notified from 
the high-order driver 33. If a plurality of the data 
exist at this time, they are placed in a queue and 
sequentially notified to the low-order driver 31. 

In S32, the low-order driver 31 sets the data in 
the adapter 2. The low-order driver 31 sets the buffer 
address, for example, in a corresponding register, and 
passes the data to the adapter 2. 

In S33, the adapter 2 executes respective phases 
(a data-in phase (4), a status phase (6), and a 
message-in phase (7) ) . As a result, the phases such as 
the data-in phase (4), the status phase (6), and the 
message-in phase (7) , which are shown in Fig. 6 and will 
be described later, are sequentially executed, so that 
the data and the status are transmitted to the adapter 
2 of the initiator 11 via the SCSI bus shown in Fig. 
2. 

In S34, the adapter of the initiator 11 receives 
the data and the status as a result of the phases ( (4) , 
(6), and (7)) executed in 833. 
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In S35, the data and the status, which are notified 
from the adapter, are sequentially relayed by the 
low-order driver, the medium-order driver, and the 
high-order driver. As a result, the data and the status 
are notified to the application program (test program 
12) . 

In S36, the application program receives the data 
and the status. Here, the actions caused by the command 
are completed. 

As described above, if the application program 
(such as the test program 12) of the initiator 11 issues 
the Read coitaaand (SCSI ID=0) , this command is notified 
to the application program (such as the PIO process 6) , 
which corresponds to the I/O device specified with SCSI 
ID=0, via the bus, the adapter 2 of the target 1, the 
low-order driver 31, the medium-order driver 32, and 
the high-order driver 33, and data and status, which 
are a reply, are returned from this application program. 
The returned data and status are received by the 
application program of the initiator 11 on a route 
reverse to the above described one. In this way, a series 
of tests can be implemented. 

Namely, the adapter 2, the low-order driver 31, 
the medium-order driver 32, and the high-order driver 
33 are arranged in the target 1 to make the target 1 



identical to an actual I/O device, a command is notified 
from the initiator 11 to the application program (such 
as the PIO process 6) , which simulates an I/O device 
specified, for example, with SCSI ID=0, and the same 
reply (data and a status) as that of the actual I/O device 
in use, or an error depending on need is returned from 
the application program which simulates the I/O device, 
so that the process for a normal operation or an error 
of the initiator 11 is monitored. As a result, a test 
on the initiator can be easily conducted. 

Fig. 6 exemplifies a read system command in the 
operations shown in Fig. 5, according to the present 
invention. The read system command shown in Fig. 6 is 
transmitted as a result of the above described phases 
(1), (2), and (3) sequentially executed in S25 of Fig. 
5, and data and a status are transmitted as a result 
of the phases (4), (6), and (7) executed in S33. Here, 
the data-in phase (4) is a phase in which data is 
transmitted, and the other phases (1), (2), (3), (6), 
and (7) are similar those explained with reference to 
Fig. 4. 

Next, the operations of the adapter 2, the 
low-order driver 31, the medium-order driver 32, the 
high-order driver 33, and the application program (the 
PIO process 6) , which are performed when the initiator 



11 issues a Write command (SCSI ID=0} , are described 
in detail with reference to Fig. 7 through 9. Note that 
841, 842, also represent a process order in Fig. 

7 and 8. 

Fig. 7 and 8 explain a preferred embodiment (No. 3) 
according to the present invention. In Fig. 7, the test 
program of the initiator 11 prepares data, and issues 
the Write command (SCSI ID=0) in S41. 

In S42, the high-order driver of the initiator 11 
notifies the medium-order driver of the command, a 
buffer address, and SCSI ID=0. 

In 843, the medium-order driver of the initiator 
11, if a plurality of a commands exist at this time, 
place in a queue them, sets a timeout monitoring time 
to each of them, and notifies the low-order driver of 
the commands, the buffer addresses, and SCSI ID=0. 

In S44, the low-order driver of the initiator 11 
sets the data (the command, the buffer address, and SCSI 
ID=0) in the adapter. 

In S45, the adapter of the initiator 11 executes 
respective phases (a selection phase (1), a message-out 
phase (2), and a command phase (3)). As a result, the 
phases such as the selection phase (1) , the message-out 
phase (2), and the command phase (3), which are shown 
in Fig. 9 and will be described later, are sequentially 
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executed, so that the command is transmitted to the 
adapter 2 of the target 1 via the SCSI bus shown in Fig. 
2. 

In S46, the adapter 2 of the target 1 receives the 
5 command (Write command (SCSI ID=0) as a result of the 
phases ((1), (2), and (3)) executed in S45, and notifies 
the low-order driver 31 of the received coimnand. 

In S47, the low-order driver 31 notifies the 
medium-order driver 32 of the command, and the 
10 medium-order driver 32 notifies the high-order driver 

33 of the command. 

In S48, the high-order driver 33 notifies the 
program (the PIO process 6 having SCSI ID=0 in Fig. 2) 
corresponding to the notified SCSI ID=0 of a signal. 
15 In S49, the application program (the PIO process 

6 shown in Fig. 2) that is notified of the signal 
determines the command (the Write command in this case) , 
and prepares a buffer. 

In S50, the high-order driver 33 receives a buffer 
20 address. 

In S51, the medium-order driver 32 notifies the 
low-order driver 31 of the buffer address notified from 
the high-order driver 33. If a plurality of addresses 
exist at this time, they are placed in a queue and 
25 sequentially notified to the low-order driver 31. 



In S52, the low-order driver 31 sets the buffer 
address in the adapter 2. The low-order driver 31 sets 
the buffer address, for example, in a corresponding 
register, and passes the buffer address at which 
transmitted data is to be stored to the adapter 2. 

In S53, the adapter 2 executes a data-out phase 

(5) . 

In S54, the adapter of the initiator 11 transmits 
the data. 

In S55, the data transmitted in S54 is received 

by the adapter 2 . 

In S53 to S55, the data-out phase (5) (see Fig. 
9) is executed in S53, so that the write data is 
transmitted from the adapter of the initiator 11 to the 
adapter 2 of the target 1 here, and the adapter 2 receives 
the write data, and stores the data in the buffer. 

In S56, the low-order driver 31 notifies the 
medium-order driver 32 of the buffer address at which 
the data is stored, and the medium-order driver 32 then 
notifies the high-order driver 33 of the buffer address, 
etc . 

In S57, the high-order driver 33 notifies the 
program (the PIO process 6 having SCSI ID=0 shown in 
Fig. 2) corresponding to SCSI=0, since it is notified 
of the buffer address. 



In S58 of Fig. 8, the application program (the PIO 
process 6 shown in Fig. 2) that is notified of the signal 
extracts the data, and stores the extracted data in the 
buffer. 

In S59, the high-order driver 33 receives a 
status . 

In S60, the medium-order driver 32 receives the 
status from the high-order driver 33, and notifies the 
low-order driver 31 of the status. If a plurality of 
statuses exist at this time, they are placed in a queue 
and sequentially notified to the low-order driver 31. 

In S61, the low-order driver 31 sets the status 
in the adapter 2. The low-order driver 31 sets the status 
signal, for example, in a corresponding register, and 
notifies the adapter 2 of the status signal. 

In S62, the adapter 2 executes respective phases 
(a status phase (6), and a message-in phase (7)}. As 
a result, the phases such as the status phase (6) and 
the message-in phase (7) , which are shown in Fig. 9 and 
will be described later, are sequentially executed, so 
that the status signal is transmitted to the adapter 
2 of the initiator 11 via the SCSI bus shown in Fig. 
2. 

In S63, the adapter of the initiator 11 receives 
the status signal as a result of the phases (6) and (7) 



executed in S62. 

In S64, the status signal notified from the 
adapter is sequentially relayed by the low-order driver, 
the medium-order driver, and the high-order driver, and 
notified to the application program (the test program 
12} . 

In S65, the application program receives the 
status signal, and the process is completed. 

As described above, if the application program 
(such as the test program 12) of the initiator 11 issues 
the Write command (SCSI ID=0} , this command is notified 
to the application program (such as the PIO process 6) , 
which corresponds to the I/O device specified with SCSI 
ID=0, via the bus, the adapter 2 of the target 1, the 
low-order driver 31, the medium-order driver 32, and 
the high-order driver 33. Then, a status corresponding 
to this command is returned from the application program, 
and received by the application program of the initiator 
11 on a reverse route. In this way, a series of tests 
can be implemented. 

Namely, the adapter 2, the low-order driver 31, 
the medium-order driver 32, and the high-order driver 
33 are arranged in the target 1 to make the target 1 
identical to an actual I/O device, a command is notified 
from the initiator 11 to the application program (such 
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as the PIO process 6) , which simulates the I/O device 
specified, for example, with SCSI ID=0, and the same 
status of the write process as that of the actual I/O 
device in use, or an error depending on need is returned 
from the application program, so that the process 
performed when the initiator 11 properly operates or 
when an error occurs is monitored. As a result, a test 
on the initiator can be easily conducted. 

Fig. 9 exemplifies a write system command in the 
operations shown in Fig. 7 and 8, according to the 
present invention. The write system command shown in 
Fig. 9 is transmitted as a result of the phases (1), 
(2), and (3) sequentially executed in the above 
described S45 of Fig. 7, data is transmitted as a result 
of the phase (5) executed in S53 of Fig. 7, and a status 
is transmitted as a result of the phases (6) and (7) 
executed in 862 of Fig. 8. 

In Fig. 9, the data-out phase (5) is a phase in 
which data of the Write command is transmitted. The other 
phases (1), (2), (3), (6), and (7) are similar to those 
explained with reference to Fig. 4. 

As described above, the device driver apparatus 
according to the present invention passes data between 
the initiator 11 and a simulation application of the 
target 1. This data passing is not limited to an 
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implementation via a SCSI bus. Command or data passing 
can be made also with a protocol using other standards 
by means of encapsulation. 

Fig. 10 explains encapsulation in the present 
invention. Fig. lOA exemplifies encapsulation using an 
FC protocol, whereas Fig. lOB exemplifies encapsulation 
using an iSCSI protocol. Fig. lOA and lOB schematically 
show the encapsulation by taking as an example the above 
described or known read system command using a SCSI 
protocol. Namely, command information such as 

- SCSI ID 

- Read (Read command) 

- Address (address of read data) 

- Length (length of read data) 

- Others 

are set in a frame (Frame Format) using each protocol, 
so that encapsulation can be made. 

Such an encapsulated frame is transmitted, for 
example, as an optical ON/OFF signal over an optical 
fiber, whereby it becomes possible to transmit/receive 
a command and data using the SCSI protocol to/from a 
partner side at a remote site. 

Fig. 11 is a flowchart explaining the operations 
for conducting a test on an initiator, according to the 
present invention. This is a flowchart when the target 
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1 is connected to the initiator 11 shown in Fig. 2 via 
the bus or a network not shown, and operated as a pseudo 
I/o device, and a test is conducted on the initiator 
11. 

In Fig. 11, a driver for the adapter 2 is installed 
in step S71. This is an operation for installing the 
above described driver 3 (the low-order driver 31, the 
medium-order driver 32, and the high-order driver 33) 
for the adapter 2 of the target 1 shown in Fig. 2. 

In step S72, PIO (the PIO process shown in Fig. 
2) is invoked to conduct a test on the initiator 11 
connected to the adapter 2 . 

In step S73, the PIO (the PIO process 6 shown in 
Fig. 2) waits until receiving a command from the 
initiator 11. 

In step S74, the test program 12 of the initiator 
11 issues a SCSI command. For example, any of the 
following commands is issued. 

- Test Unit Ready 

- Inquiry 

- Read capacity 

- Write 

- Read 

In step S75, the adapter 2 sets interrupt 
information for notifying an OS upon detection of the 
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transmission from the initiator 11. 

In step S76, the OS notifies the low-order driver 
31 of the detected interrupt. 

In step S77, the low-order driver 31 receives the 
interrupt, extracts information from the adapter 2, and 
passes the information to the high-order driver 33 via 
the medium-order driver 32. The passed information is 
information required among the SCSI command, an address, 
data, etc.^ 

In step S78, the high-order driver 33 receives the 
information, and notifies the PIO (the PIO process 6) 
of the information as an interrupt. 

In step S79, the OS notifies the PIO (the PIO 
process 6) of the interrupt. 

In step S80, the PIO receives the interrupt, and 
extracts the information from the high-order driver 33. 

In step S81, the PIO performs a process according 
to the information. 

In step S82, the PIO returns a process result to 
the initiator 11 on a reverse route. 

In step S83, the initiator 11 receives the process 
result . 

In step S84, the test program 12 determines the 
result. Namely, the test program 12 determines whether 
the operation of the initiator 11 is either normal or 



abnormal by checking whether the process corresponding 
to the process result, which is received by the initiator 
11 in step S83, is either terminated if the process 
result is a normal result, or retried by reissuing the 
(Read) command as a retry process if the process result 
is a read error. 

To make an error occur, the test program 12 
transmits setting files in which the contents of an error 
occurrence are set to the PIO (the PIO process 6) via 
the bus or the network not shown prior to a test, and 
makes the PIO store the file. Then, the PIO makes the 
error automatically occur according to the setting 
files . 

Fig. 12 is a flowchart explaining the operations 
(for generating an error by changing SCSI protocol data) , 
according to the present invention. 

Here, a pseudo I/O on the left side represents that 
the target (the pseudo I/O device) 1 shown in Fig. 2 
performs the operations in below stages, whereas an 
initiator on the right side represents that the 
initiator 11 shown in Fig. 2 performs the operations 
in below stages. A pseudo I/O and an initiator in the 
subsequent drawings are similar. 

In Fig. 12, an operator or an external test program 
passes, via a keyboard or a network, files in which an 



error occurrence due to a change in reply data is set 
to the PIO process 6. 

Namely, the operator operates the keyboard not 
shown of the target (pseudo I/O device) 1 shown in Fig. 
2 to set, as the setting files of the PIO process 6, 
the file in which the contents of an error of an I/O 
device are set. Or, this file is set as the setting file 
of the PIO process 6 from the initiator 11 via a network. 
The setting files are set, for example, as shown in Fig. 
13A and 13B to be described later. 

In step S112, the initiator 11 issues a SCSI 
command Test Unit Ready (see Fig. 13C) . 

In step S113, the PIO process 6 that has received 
the SCSI command changes the contents of reply data (for 
example, to SCSI STATUS=BUSY (0x08)) according to the 
error setting, and instructs the driver 3 to return the 
reply data. 

With this operation, the PIO process 6 instructs 
the driver 3 to return the reply data the contents of 
which are changed, for example, SCSI status that should 
originally be GOOD (0x00) is changed to BUSY (0x08) 
according to the error contents set in the setting files 
(see Fig. 13A and 13B) in step Sill for the SCSI command 
that the PIO process 6 has received via the bus or a 
network. 



Note that after the PIO process 6 repeats the error 
process once or a specified number of times (once in 
this example), it deletes or restores the error 
information to the normal state so that a normal reply 
is made in the next operation in step S113. 

In step S114, the initiator 11 receives the reply 
data transmitted in step S113, and performs a recovery 
operation if the received data is reply data where an 
error is set as in this example. 

In step S115, if SCSI STATUS=BUSY (0x08) as a 
result of the recovery operation performed in step S114, 
a retry operation is performed (the SCSI command is 
reissued) . 

In step S116, the PIO process 6 that has received 
the SCSI command reissued in step S115 performs a normal 
operation (returns reply data indicating a normal 
termination) , 

In step S117, the initiator 11 receives the reply 
data indicating the normal termination, and verifies 
the completion of the SCSI command. 

As described above, after the contents of an error 
for making an error occur by changing reply data is set 
in the setting files of the PIO process 6 of the target 
(pseudo I/O device) 1, the initiator 11 issues a command 
to make the PIO process 6 return reply data where the 



error is set, and reissues the command as a recovery- 
process corresponding to the error reply, and the PIO 
process 6 returns normal reply data, so that the 
initiator 11 is normally terminated. As a result, the 
test program 12 within the initiator 11 can conduct a 
test of determining whether or not the initiator 11 has 
properly performed the recovery operation for the error . 

Fig. 13A through 13D exemplify the setting files 
relating to the operations shown in Fig. 12. Fig. 13A 
exemplifies a process setting file. This figure 
exemplifies the contents of the process setting file 
of the PIO process 6, which are set in step Sill of Fig. 
12. The following items of information are set as shown 
in Fig. 13A. 

- command: Test Unit Ready 

- valid/invalid: valid 

- action: control system 

- error file name: error_filel 

Fig. 13B exemplifies an error setting file 
(error_f ilel) . This file includes the contents of an 
error set in the error file having the name ( error_f ilel ) , 
which is set in the process setting file shown in Fig. 
13A. In this example, the following items of information 
are set as shown in Fig. 13B. 

- timing: when reply data is returned 
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- error contents : reply data change (for example, 
from GOOD (0x00) to BUSY (0x08) 

The above described two setting files (shown in 
Fig. 13A and 13B) are used to set the contents of an 
error, so that the PIO process 6 can make the error occur 
according to the contents of the error set in the setting 
files (at the set error timing) . Note that the contents 
of the error are deleted (or set to be invalidated) after 
the error occurs once or a specified number of times, 
and a normal reply is returned at the next time. 

Fig. 13C exemplifies an initiator SCSI command. 
This figure exemplifies the SCSI command that the 
initiator 11 issues in step S112 of Fig. 12. The 
following items of information are set as shown in Fig. 
13C. 

- command: Test Unit Ready 

- contents: 00 00 00 00 00 00 

Fig. 13D exemplifies STATUS. This indicates 
information when an error reply is returned in step S113 
of Fig. 12. The following items of information are set 
as shown in Fig. 13D. 

- status: GOOD or BUSY 

- value: 0 or 8 

Fig. 14 is a flowchart showing the operations (for 
making an error occur by invoking a hardware error 



generation capability comprised by the adapter) , 
according to the present invention. 

In Fig. 14, an operator or an external test program 
passes, via a keyboard or a network, a file in which 
hardware error generation is set to the PIO process 6. 
As a result, setting files that are shown in Fig. 15A 
and 15B and will be described later are set as the setting 
files of the PIO process 6. 

In step S142, the initiator issues the SCSI 
command Test Unit Ready. 

In step S143, the PIO process that has received 
the SCSI command instructs the driver to make an error 
occur at the timing of making an error occur. 

In step S144, the driver accesses the register of 
the adapter for making a hardware error occur, and makes 
the error occur. 

In step S145, the initiator detects the error, and 
performs a recovery operation. 

As described above, after the contents of an error 
(hardware error generation) are set in the setting files 
of the PIO process 6 of the target (pseudo I/O device) 
1, the initiator 11 issues a command, the hardware error 
is made to occur at the set timing, and this hardware 
error is detected by the initiator 11, so that the 
initiator performs a recovery operation. Consequently, 
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the test program 12 within the initiator 11 can conduct 
a test of determining whether or not the initiator 11 
detects the hardware error occurrence, and performs a 
recovery operation, when the hardware error occurs in 
5 the target (pseudo I/O device) 1. 

Fig. ISA through 15E are schematics relating to 
the operations performed in Fig. 14. 

Fig. ISA exemplifies a process setting file. This 
file exemplifies the contents of the setting file of 
10 the PIO process 6, which are set in step S141 of Fig. 

14. The following items of information are set as shown 
in Fig. ISA. 

- command: Test Unit Ready 

- valid/invalid: valid 

15 - operation: control system 

- error file name: error_filelO 

Fig. 15B exemplifies the error setting file 
(error_f ilelO) . As shown in this figure, the following 
items of information are set as the contents of an error 
20 set in the error file having the name "error_f ilelO" 

specified in the process setting file shown in Fig. ISA. 

- timing: when reply data is returned 

- error contents: generating a fault in a signal 
transmitted over a cable (generating, for example, a 

2S link failure) 
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The above described two setting files (shown in 
Fig. ISA and 15B) are used to set the contents of an 
error, so that the error (a hardware error, for a example, 
by a change in reply data such as "link failure") in 
accordance with the contents set in the setting files 
is made to occur at the timing of making an error occur 
in response to a command issued from the initiator 11. 
As a result, the initiator 11 detects the hardware error, 
and a test of determining whether or not the initiator 
11 performs a recovery process can be conducted based 
on this detection. 

Fig. 15C exemplifies the initiator SCSI command. 
This exemplifies the SCSI command that the initiator 
11 issues in step S142 of Fig. 14. The following items 
of information are set as shown in Fig. 15C. 

- command: Test Unit Ready 

- contents: 00 00 GO 00 00 00 

Fig. 15D exemplifies STATUS. This exemplifies the 
reply data that is transmitted, for example, from the 
target (pseudo I/O device) 1 in step S144 of Fig. 14. 

Fig. 15E exemplifies an error occurrence caused 
by a register access. 

(e-1) of Fig. 15E shows the state where a bit for 
making a link failure occur in the register of the 
adapter 2 is set to 0 (indicating non-generation of an 
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error) . This is the state where a hardware error "Link 
Failure" is not made to occur in the adapter 2 shown 
in Fig. 2, and a link problem occurs in the bus shown 
in Fig. 2. 

5 (e-2 of Fig. 15E shows the state where the bit for 

making a link failure occur in the register of the 
adapter 2 is set to 1 (indicating generation of an error) . 
This is the state where the hardware error "Link Failure" 
is made to occur in the adapter 2 shown in Fig. 2, and 
10 a link problem occurs in the bus shown in Fig. 2. In 

this way, the hardware error occurrence in step S144 
of Fig. 14 can be implemented. 



